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Larvae causing obligatory myiasis are numerous and they may affect cutaneous and sub-
cutaneous tissues, wounds, nasopharyngeal cavities (nasal bots), internal organs and the
digestive tract (bots) of domestic and wild animals and humans as well. Nasal bots belong
to the Family Oestridae, Subfamily Oestrinae, which includes several important genera:
Oestrus, Kirkioestrus, and Gedoelstia infecting Artiodactyla (except Cervidae) in Africa and
Eurasia, Cephenemyia and Pharyngomyia infecting Cervidae, Rhinoestrus infecting horses,
Cephalopina infecting camels, Pharyngobolus infecting African elephants, and Tracheomyia
infecting Australian kangaroos. Nasal bots are widespread in Mediterranean and tropi-
cal areas and in affected animals they induce sneezing and nasal discharge which may
become caked with dust making breathing very difficult. The aforementioned species of
larvae are host-specific but sometimes the may be deposited in human eyes inducing a
painful opthalmomyiasis of short duration.

The first fascinating trait of these parasites is the very efficient morphological and biolog-
ical adaptations to parasitism they show either as larvae or as adults, in order to facilitate
their survival and search for a suitable host. Nasal bots have reached different degrees of
complexity in their life cycles. Indeed, while for some species (e.g., Oestrus ovis, Rhinoestrus
usbekistanicus) larvae are injected by flies directly into nostrils and develop in the sinuses
before being ejected for external pupation, some other species migrate from eyes to blood
before returning to nasal cavities either through the ethmoid bone (Gedoelstia hässleri) or
via lungs and bronchi (Gedoelstia cristata). Moreover, larvae are very well-adapted to their
environment being able to undergo through hypobiosis either inside or outside the host,
according to the climatic environmental conditions and seasonality.

The second fascinating trait of nasal bots is related to host behavioural and immune
responses against the infection. Host behaviour may in fact prevent larviposition and
inflammatory/immune reactions limit larval development. The main pathophysiological
mechanisms involve mast cells and eosinophils which destroy the larvae in sensitized ani-
mals. The intense eosinophilic reaction has side effects both locally (i.e. on the nasal mucosa)

and also generally, with possible interactions with gastrointestinal strongyles (e.g., both
worm burdens and fecundity decreased in lambs infected by O. ovis).

Infected animals (e.g., sheep, goat, camel, and donkey) firstly suffer from fly strike, when
adult flies inject first stage larvae on nostrils: sheep may try to avoid fly swarms but even-
tually Rangifer tarandus can only manage a terror-stricken look! Secondly, hosts will suffer
from myiasis with typical nasal discharge and sneezing related to sinusitis. Clinical manifes-
tations may vary: for example O. ovis induces severe clinical signs in sheep whilst produces
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few effects in goats! These parasites are diffused in many Mediterranean and tropical coun-
tries. Unfortunately, it is commonly believed that bacterial infections induced by nasal
bots are of greater clinical importance: this view is not substantiated and the control of

ends o
mmon
this condition dep
Reinfections are co

1. Introduction

Larvae of flies belonging to the Oestridae Family and
Oestrinae Subfamily include several genera which cause
obligatory myiasis in Artiodactyla and Equidae, infesting
the nasopharyngeal cavities and internal organs dur-
ing their migration. They are never found in dermal or
subdermal tissues or wounds (e.g., Hypodermatinae and
Cuterebrinae) or in the digestive tract (e.g., Gasterophili-
nae). Despite the high prevalence and severity of infection,
many breeders and veterinary practitioners still remain
unaware of the importance of these parasitic agents. There
are very few books and papers dealing with the subfam-
ily Oestrinae (see Colwell et al., 2006; Guimaraes and
Papavero, 1999; Papavero, 1977) which is therefore not
deeply known. During the last decade, some works on
genetics, pathophysiology and immunology have been
done in France, Italy, Mexico and Spain and a review was
published by Hall and Wall (1995).

Extensive use of macrocyclic lactones is modifying par-
asitic diversity (Otranto and Colwell, 2008), but in some
areas of southern Europe an unusually large number of dif-
ferent species of bot fly suggests a high degree of oestrid
biodiversity. It seems related to the movement of domestic
animals in association with migrating human populations
in southern Europe over thousands of years (Otranto et al.,
2006). Pape (2006) summarizes taxonomy and evolution of
bot flies very well. A short overview of previous and current
taxonomy is reported in Table 1.
Oestrids are host-specific and therefore only a few inap-
propriate hosts are infected, except for humans who may
suffer from larvae being deposited into eye conjunctivas
inducing a short-lasting opthalmomyiasis. Among animals,
only diurnal and gregarious hosts are infected, and lar-

Table 1
Taxonomy of Subfamily Oestrinae (Colwell et al., 2006): nasal bots.

Family: Oestridae
Subfamily: Oestrinae: Artiodactyla (except Cervidae) and Equidae,

Africa and Eurasia
Genus: Cephenemyia (deer nose bots) Cervidae: Holarctic
Genus: Cephalopina (camel nose bot): Camelus
Genus: Gedoelstia (tuberculous nasal bot): Antilopinae, Africa,

South of Sahara
Genus: Kirkioestrus (hairy nasal bot): Hippotraginae (Bovidae),

Africa, South Sahara
Genus: Oestrus (sheep nose bot): Caprinae and Hippotraginae

(Bovidae), Africa and Eurasia
Genus: Pharyngobolus (African elephant throat bot)
Genus: Pharyngomyia (deer and gazelle throat bot): cervidae,

Palaearctic
Genus: Rhinoestrus (horse nasal bot) Suidae, Giraffidae, few groups

of Bovidae, Equus
Genus: Tracheomyia (kangaroo throat bot): Macropus robustus

Australia
n treatment with macrocyclic lactones, closantel and nitroxynil.
, and controlling nasal bots is not so simple.

© 2010 Elsevier B.V. All rights reserved.

vae have never been found in carnivorous or insectivorous
species. According to Papavero (1977), oestrids may infect
only 4 orders of 18 of mammals, nine families amongst 120
and 25 genera amongst 998.

2. Morphological and biological adaptations

2.1. Morphological traits

All Oestrinae are larviparous and they eject their
progeny onto the host. The young first-instar larvae
(L1’s) present numerous spines and hooks in order to
add security and mobility when “landing” on nostrils
(Guitton and Dorchies, 1993; Guitton et al., 1996, 2001).
In fact, they must avoid being expelled by host sneezing
and they also have to move quickly into nasal cav-
ities. Usually, second-instar larvae (L2) are located in
sinuses and the size of their hooks and spines is reduced
being therefore able not to be expelled sneezing. Finally,
third-instar larvae (L3) have spines and hooks useful
for crawling outside in the environment where they
pupate. Their weight is decreased to facilitate their elim-
ination from nasal cavities (Cepeda-Palacios and Scholl,
2000a).

2.2. Biological traits

Adults do not have functional mouthparts and they have
to minimize their spent energy loss. Their large eyes facil-
itate the localization of potential hosts, as well as suitable
mates. They are fast flyers (calyptrates) and their colour,
pilosity, granules and pits represent a protection against
predators. Since they do not feed, the lifetime of adults
must be short and females emerge from the puparium with
fully developed eggs ready for fertilization.

2.2.1. Life cycles
All oestrids are larviparous and eject their progeny into

nostrils or eyes of their host. Cephenemyia lays larvae on the
mouth and the subsequent migration occurs by burrow-
ing into the mucous membrane of the lips, gums, tongue
and hard palate towards the root of the tongue and the
soft palate. It has been suggested that Cephalopina has a
biological life cycle similar to Gasterophilus.

Larval instars mainly develop in nasal cavities (conchae,
sinuses) or, for some genera, pharyngeal, oesophageal and
tracheal regions. Later, pupariation will take place in sandy
soil or perhaps, in case of Pharyngomyia, even in nasal cav-
ities!
Besides the simplest life cycle as Oestrus ovis or Rhi-
noestrus usbekistanicus (i.e. larvae are laid on nostrils,
subsequently migrate into nasal cavities and sinuses,
before L3 are expelled in the outside environment), there
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re some extended life cycles within the subfamily. Unlike
. ovis, L2 and L3 of Cephenemyia, Cephalopina, and Rhi-
oestrus are located in pharyngeal pouches or diverticula
hereas Tracheomyia macropi in the trachea.

Gedoelstia cristata have a more complex migration in
nu being the L1 are placed into the eyes and after pen-
trating into eye blood vessels, they migrate through the
ight heart, lung and bronchia to nasal cavities where they
oult in L2 (Zumpt, 1965). The latter part of the life cycle is

imilar to O. ovis. The most complex life cycle is observed in
nu where larvae of Gedoelstia hässleri like G. cristata pen-
trate into the blood and go straight to the subdural cavity
Zumpt, 1965). The return takes place through the ethmoid
one foramens and, finally, the development of larvae is
ompleted in the nasal cavities.

.2.2. Larval nutrition
So far, oestrid larvae cannot be fully reared in vitro

ecause of many aspects related to larval nutrition and
ppropriate environmental conditions that still need to
e investigated. Oestrid larvae are never hematophagous.
hey feed with plasma proteins, antibodies passing
hrough the nasal mucosa during the inflammatory pro-
ess, mucin and collagen of the basal membrane. Although
heir hooks and spines injure the nasal membranes, lar-
al nutrition is not only mechanical but mainly related
o a biochemical process and huge nitrogen oxide liber-
tion has been observed. Indeed, Tabouret et al. (2001c)
ave shown, in vitro, that ESP could stimulate nitric oxide
roduction inducing plasma protein leakage. This up reg-
lation is time and dose-dependent. The presence of
roteases in the excretory/secretory products (ESP) of O.
vis larvae has been clearly identified (Tabouret et al.,
003a). These proteases appear to originate mainly from
he gut and are exported on the nasal or the sinusal

ucosa. They are trypsin-like serine proteases and par-
icipate in extracorporeal pre-digestion of proteins which
s useful for larval nutrition. A weak proteolytic activ-
ty has been demonstrated in the salivary glands but
hese organs are also the main source of most of the
mmunogenic antigens (Innocenti et al., 1995; Tabouret et
l., 2001a,b,c). The presence of seven positive enzymatic
ctivities serine subclass proteases (acid phosphatase,
aphthol-AS-BI-phosphohydrolase, esterase (C4), esterase

ipase (C8), leucine arylamidase, aglucosidase and N-
cetyl-b-glucosaminidase) was detected in salivary gland
roducts of O. ovis L3 (Angulo-Valadez et al., 2007).
he aforementioned proteases probably induce an extra-
orporal pre-digestion and liquefaction of host tissues.
nalogously, ESP released in the mucosa could be able to
egrade the components of the extracellular matrix and
he lamina of epithelium (Dorchies et al., 2006) avoiding
lose contact with antibodies, limiting larval damages and
robably also preventing respiratory spiracle from being
locked. ESP and salivary gland products may also stim-
late the host immune system for mucous production to

nhance the larval production in a feedback mechanism.

Although, there are no qualitative changes in the pro-
ease profile of ESP among the three instars, the increasing
ulk of proteases released on the mucous membrane by L2
nd L3 parallel the increasing larval nutrient requirements.
arasitology 174 (2010) 19–25 21

These evidences suggest that even thought ESP production
continues throughout larval development it is related to
the increasing larval body size and their need to acquire
reserves for the nonparasitic stages. These data are sup-
ported by the curves of larval growth (Cepeda-Palacios et
al., 1999).

2.2.3. Larval adaptation to environment
Either in their parasitic (L1, L2 and L3) or outside (pupae)

stages, nasal bots are exposed to several detrimental fac-
tors. Their clever response to these adverse factors is
hypobiosis (i.e. phases of arrested development) which is
an highly efficient adaptive response to external environ-
mental conditions. It appears at any stage of development
but mainly at L1’s and pupae and sometimes L2 (in case
of Cephalopina titillator in camels). It is also amazing the
degree of temperature synchronization needed for the acti-
vation of O. ovis L1 and adult female. Both L1 and the
gravid female are indeed inactive at 5 ◦C; they get mini-
mum activation at 12–16 ◦C, showing the highest activity
at 25–28 ◦C. This is important since gravid flies should
only shoot active larvae which migrate quickly in the nose.
For this reason, L1 larvae possess numerous tegument’s
thermal sensilla (Colwell and Scholl, 1995). The ecologi-
cal roles of L1 inside the nasal cavities are therefore to
achieve the maximal establishment (survival) and growth
rates and to monitor the outside temperature and varia-
tions from inside the host to regulate the intra-host larval
developmental rate. The structure of L1 larvae is designed
for maximum heat exchange with the host (i.e. larval cross
section at the ninth segment width/height ratio = 2.05 vs.
1.8 in L2). From in vitro observations, it seems that when
the larval resultant temperature of the outside and host
temperatures is above 12 ◦C, larval activation begins. Feed-
ing behaviour begins and reaches the optimum at 22–39 ◦C
(unpublished data). L2 and L3 larvae are located under a
relatively steady temperature and their development is
continuous.

Slowing development allows larvae to survive over-
crowding of too many larvae in a limited space: the number
of L3’s is indeed always low (Tabouret et al., 2001a,b,c).
Asynchronous development explains this type of regula-
tion. Arrested development is also a mean for escaping
immune responses and finally it may be considered as a
form of adaptation to local climate. In temperate areas
where the winter is too cold for pupariation, or during the
hot and dry season of tropical countries, there is either
an overwintering or aestivation strategy are adopted with
most of the larval burden consisting of L1’s. The moults to
L2 and L3 take place when the weather conditions are good
enough for external pupariation and adult fly activity.

It appears that development of oestrids is closely related
to season and the number of annual cycles depends
of climatic conditions. Therefore control measures with
antiparasitic treatments must be closely adjusted to the
climate in every area. Necropsy surveys show clearly that

kinetics of L1’s is related to important adult mating activity,
whereas L3 burdens indicate future adult mating activity
(Tabouret et al., 2001a).

Extended pupariation outside has been observed for
O. ovis by Biggs et al. (1998) allowing adults flies to wait
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for the best time for emergence, mating and larviposition.
Choosing the right place for burrowing and pupariation is
of high importance in this species and extreme tempera-
tures into the soil (for example above 40 ◦C for long periods)
being lethal to pupae or leading to low adult weight with
high post-emergence mortality rates (Cepeda Palacios et
al., 1998).

For all species of oestrids, mating and seeking activities
occur optimal on warm days, sunny and not windy days at
temperatures between 20 and 30 ◦C (Anderson, 2006). For
O. ovis, these parameters have been measured by Cepeda-
Palacios and Scholl (2000b).

Finally, it appears that O. ovis life cycle development
is closely related to local climate and geographical loca-
tion. Clinical manifestations will be different according to
the biological state of larvae. During L1 hypobiosis period
there are no clinical signs. Sinusitis appears during L2 and
L3 development and adult larviposition activity induces
sneezing and fly strike. Of course, control measures must
considering this chronology.

3. Host defences against infection

Being mesoparasites (parasites living in host cavi-
ties), oestrids display complex host/parasite relationships.
Indeed, their hosts also develop numerous but often
ineffective strategies of expelling them as reviewed by
Dorchies et al. (2006). Briefly, it appears that antigenic and
some inflammatory products produced by larvae induce
inflammatory and hypersensitive reactions. In the follow-
ing are summarized the host aspecific and specific reactions
which limit the parasitic burden of oestrids.

3.1. Inflammatory reaction

A very surprising difference appears between
Hypoderma myiasis causing larvae, which induces
anti-inflammatory effects during deep tissue migra-
tion (Boulard and Garrone, 1978), and O. ovis that produces
pro-inflammatory products on host mucosa for its own
nutrition (Tabouret et al., 2001a,b,c). The intensity of local
changes induced by O. ovis in the mucosae of the upper
respiratory tract (e.g., bright red mucosae with a discrete
oedema) is not related to larvae number. Indeed, it has
been suggested that any number of larvae above 10 is
potentially harmful (Biggs et al., 1998).

The most important lesions are localized in the sinus
and ethmoidal mucosa. In naive sheep, the epithelial cells of
the naso-sinus cavities are cylindrical, ciliated and pseudo-
stratified. After natural or artificial infection, hyperplasia
and metaplasia develop and the muco-ciliairy film is
abraded (Dorchies et al., 2006). Many cells are positively
marked as Ki67epitopes indicated a strong cellular prolif-
eration (Nguyen Van Khanh et al., 1998).

The ultrastructural changes present a gradation,
depending on the anatomical sites, the most severe lesions

occurring in the sinus. The stratified epithelium is disorga-
nized; the intercellular spaces are enlarged, with epithelial
disjunctions. Some of the cells have a rounded shape, pre-
senting signs of cellular degeneration. These ultrastructural
changes are likely the result of a combination of mechanical
arasitology 174 (2010) 19–25

damage associated with effects of secreted proteases from
the larvae. It is also likely that these changes favour the dif-
fusion of antigenic secretory/excretory products through
the mucosa to come in close contact with the locally
recruited immune cells (Dorchies et al., 2006).

Significant differences between recruitment of inflam-
matory cells (eosinophils, mast cells and globule leuco-
cytes) in naturally infected and parasite-free sheep have
been observed in numbers and distribution within the
mucous membrane, interglandular chorion or sub mucosa
(Nguyen Van Khanh et al., 1996). Similar observations
have been made in camels infected with Cephalopina tit-
illator (Viatteau et al., 1999) and in donkeys infected by
Rhinoestrus usbekistanicus (Kaboret et al., 1997). Due to
histological position of eosinophils and mast cells, it can
be presumed that these cells are responsible for limiting
parasite larval populations and in sustaining the hypersen-
sitivity phenomenon at the site of tissue damage during
infection. In vitro, it was observed that eosinophils could kill
L1’s following their degranulation (Duranton et al., 1997).
For mast cells, no observation confirms this hypothesis
but the degranulation may be very aggressive for larvae.
Sheep Mast Cell Protease (SMCP) has been identified in
mucosae of O. ovis infected lambs, confirming the activity of
local mast cells (J. Huntley, unpublished data). O. ovis larval
establishment rate and development appeared greater and
more rapid in corticoid treated lambs compared to controls
suggesting that the inflammatory reaction could influence
the outcome of this myiasis (Jacquiet et al., 2005).

3.2. Hypersensitivity phenomenon

Histopathological data suggests that an immediate
hypersensitivity phenomenon (Type 1) is involved in the
pathogenesis of ovine oestrosis. Many B and T lymphocytes
and phagocytic mononuclear cells have been observed
in the mucosa of the upper respiratory tract of animals
infected with O. ovis larvae compared to controls. Cell
numbers increase gradually from turbinates to sinuses
suggesting that T (CD3+) and B (CD20+) lymphocytes,
phagocytic mononuclear cells (CD68+), eosinophils, mast
cells and globule leucocytes are mainly recruited where
larval molts occur and therefore where L2’s and L3’s
are present (Tabouret et al., 2003b). This cellular profile
suggests a Th2-type cytokine production by ovine T lym-
phocytes but clear evidence to support this hypothesis is
still missing in O. ovis infection. The recruitment of these
cells and the presence of many macrophages suggest that
antigenic presentation to T lymphocytes and cellular coop-
eration are intense. A similar reaction is observed in the
skin during Lucilia cuprina infection (Bowles et al., 1988)
and in gastrointestinal mucosa when resistance to tri-
chostrongyles is developing (Meeusen and Balic, 2000).

3.3. Eosinophils and consequences
Jagannah et al. (1989) were the first to describe the pres-
ence of eosinophils in upper respiratory mucosa of O. ovis
infected sheep. Later, several experiments demonstrated
an important trans-epithelial migration of eosinophils
indicating that they are attracted in the lumen of the nasal
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nd sinusal cavities to come into contact with the lar-
ae. According to Yacob et al. (2004), the kinetics of blood
osinophilia in weekly O. ovis experimentally infected
heep shows a primary peak in eosinophil numbers four
ays after the primary experimental infection followed by
higher peak after the second infection. After that, no
ajor change occurs irrespective of the number of reinfec-

ions. Nevertheless, the number of eosinophils was always
igher than in control animals until the end of the follow-
p. This study showed that there was a large accumulation
f these cells in mucosae of the upper respiratory mucosae.
t was also worth of note a significant accumulation of
osinophils in the tissues of the trachea, bronchia and
ungs even though O. ovis was not present there. In fact,
his “distant” eosinophilic reaction may have important
onsequences on other parasites living in these locations
ven thought they are not specifically recruited by these
arasites. Indeed, since mixed parasitic infection of ani-
als is a common phenomenon in nature, synergistic or

ntagonistic effects between two or more parasites in a
iven host may occur (Cox, 2001). For instance, the estab-
ishment of O. ovis larvae in the upper respiratory tract
f sheep elicits high inflammatory cellular activity in the
astrointestinal tract affecting the development and fecun-
ity of Haemonchus contortus infection in the abomasums
Dorchies et al., 1997; Terefe et al., 2005). Similarly, Yacob
t al. (2004, 2006) indicated the existence of an antago-
istic interaction between the populations of O. ovis in the
asal cavities and Trichostrongylus colubriformis burdens in
he small intestine. This phenomenon was also recently
eported in goats (Yacob et al., 2008).

.4. Antibody responses

Oestrus ovis infection elicits an IgM and IgG systemic
ntibody response in both sheep and goats (Suarez et al.,
005; Angulo-Valadez et al., 2008, 2009). Many serological
ests have been developed using a crude L2 somatic extract.
nnocenti et al. (1995) demonstrated that salivary glands
roteins are the most antigenic O. ovis larvae proteins com-
ared to digestive tube contents or cuticular antigens. More
recisely, a 28 kDa protein complex is the most antigenic
raction of salivary gland contents (Tabouret et al., 2001b)
nd was used to develop an indirect ELISA test. Sensitiv-
ty, specificity, positive and negative predictive values were
mproved compared to the previous tests but detection of
nfected animals remains difficult in winter when L1 arrest
heir development inside the host. Negative correlations
mong larval establishment and/or larval development as
ell as intensity of local and systemic IgG responses were

ound in naturally infected ewes (Angulo-Valadez et al.,
008).

. Clinical consequences

Clinical consequences of the infection are similar for all

ost species (e.g., sheep, goat, dromedary, horse, spring-
ok). The intensity of the clinical features is related to
ensitivity of the host species. The best example is given by
omparison of sheep and goat infections. The first is very
ensitive, the second one less: usually breeders are familiar
arasitology 174 (2010) 19–25 23

with ovine oestrosis but rarely with goat oestrosis. Clini-
cally, three different phases of the infection appear even
though they may be sometimes mixed: fly strike, sinusitis
and other consequences.

4.1. Fly strike

Fly activity affects sheep behaviour. Indeed, shepherds
may observe sheep getting nervous and gathering close
together, keeping their noses deep inside the fleece of the
neighbors or close to the ground during displacements.
If air temperature is low, flies are not active: the sheep
resume grazing and are spread all over the pasture. During
this period there is little or none congestion of the nasal
septum and turbinates and only a small amount of mucus
is observed. Goats seem less sensitive to fly strike perhaps
as a result of their browsing habits (Hoste et al., 2001).
However, there are goat flocks showing strong behavioural
defences against fly strike, as it happens in Baja Califor-
nia, Mexico. Running away, searching of shadow shelter
during the heat of the day, and sneezing are stereotyped
behaviours in the proximity of larvipositing flies. Goat kids
show this reaction from the early post-weaning period as
well. Goats seem to be more well-adapted to O. ovis infec-
tion than sheep, probably because O. ovis species have
co-evolved for a longer time with goats rather than with
sheep. It has been reported that oestrosis prevalence and
larval burden is lower in goats than in sheep (Papadopoulos
et al., 2006). Goats seem avoiding more effectively the
larvipositing flies using these evasive behaviours: it has
been proposed that goats are better adapted to O. ovis infec-
tion than sheep, probably because both O. ovis and goats
have co-evolved for longer than sheep (J. Jourdane, per-
sonal communication).

On the other hand, Cephenemyia fly strike induces a
terror-stricken look in Rangifer tarandus.

4.2. Rhinitis and sinusitis

A few weeks after larviposition, nasal discharge and
sneezing become more evident and frequent. Sheep are
agitated and the nasal discharge which is initially serous,
secondly gets sero-mucous, muco-purulent and eventu-
ally, in the most severe cases, purulent, being occasionally
tinged with blood. The amount of nasal discharge is not
related to the number of larvae but appears to be related to
the individual susceptibility and also to interactions with
bacteria (Dorchies et al., 1998). In hot and dry climates,
the nasal discharge caused by oestrosis gets worse making
breathing very difficult. As a consequence, affected sheep
and goats breathe through the mouth interfering with graz-
ing and rumination. Subsequently this local naso-sinusal
infection induces signs of generalized disease, including
emaciation, which may sometimes result in death. In addi-
tion, these symptoms may affect olfaction in rams thereby

reducing the effectiveness of Oestrus detection which will
lead to reduced conception rates (Watson and Radford,
1960). Heavily infested sheep may exhibit neurological
symptoms: including ataxia, vertigo, nystagmus and amau-
rosis as well as epistaxis.



erinary P
24 C.E. Angulo-Valadez et al. / Vet

As the period of fly activity continues, sheep are repeat-
edly infested and so antibody levels increase. Because
clinical signs and annoyance of sheep are at maximum
intensity, breeders usually treat their flock at this time.

Local changes in the mucosae of the upper respiratory
tract are independent of the number of larvae present.
These changes are characterized by bright red mucosae
with a discrete edema, but their intensity cannot be cor-
related to the numbers of parasites. Large amounts of pus
and abscesses are commonly found in the sinuses.

4.3. Pulmonary and other consequences

In some breeds of sheep, neoplastic tumors (adenocar-
cinoma of the pituitary mucosae, 4 to 5 cm wide) might be
found. The prevalence of these neoplasitc processes is close
to 5% in the Lacaune ewes, the local breed from Roquefort
area (Bergeaud et al., 1994).

In many cases, oestrosis is worsened by complica-
tions associated with infectious bronchopneumonia and
pleuropneumonia or pasteurellosis with hyperthermia and
coughing. Lung abscesses are also frequent. It may be
assumed that they are related to pyogenic focus in the naso-
sinusal area. In some cases interstitial pneumonia is the
most common lesion with interstitial emphysema, pleu-
ral adhesions and atelectasis (Dorchies et al., 1993). These
atypical lesions associated with oestrosis may be linked to
the visna maedi virus for which pathological expression
is dependant on a continuous and nonspecific antigenic
stimulation of the host as previously described by Dawson
(1987).

Similar lesions have been observed in donkeys infected
by larvae of Rhinoestrus usbekistanicus (Kaboret et al., 1997).
The pathology is probably caused by a permanent antigenic
stimulation during infection. In both myiases, considerable
numbers of eosinophils and mast cells are accumulated in
the lung parenchyma mainly in the peri-bronchial region.
In the absence of any other lung parasite and any other
cause of allergic pneumonia, it may be presumed that aspi-
rated larval antigens induce the pulmonary sensitization.

5. Human infection

Adult flies may eject larvae into human eyes inducing an
external opthalmomyiasis or into nasal cavities or mouths.
These later cases are very rare. Human infection is relatively
frequent in many countries; in Libya, the annual incidence
is 10/100,000. Fortunately treatment by manual extraction
of larvae is effective: diagnosis may sometimes be slow as
observed in American soldiers during the 1st Gulf war and
in tourists coming from the Mediterranean Basin to North-
ern countries where nasal bots are not endemic. Currently,
most papers dealing with O. ovis report cases of human
infection. If O. ovis is the most frequently involved, in some
areas Rhinoestrus purpureus (and perhaps R. usbekistanicus)

larvae may also be deposited on conjunctiva. There is scant
information about other oestrids: however, cases of infec-
tion by Cephenemyia ulrichi have been observed in Finland
(Mikkola et al., 1982). A key for differentiation of L1’s of O.
ovis and R. purpureus has been done by Larrousse (1921).
arasitology 174 (2010) 19–25

6. Conclusion

Is this fascinating parasite like O. ovis blurring the
authors’ vision or not? This species and, at large, the whole
oestrid group are among the most surprising parasites. As
a matter of fact, very “smart” morphological and biological
adaptations allow the survival and extension of this oestrid
under very unfavourable conditions, either outside (cold,
dryness) or inside the animals facing inflammatory and
immune reactions. However, despite its high prevalence
and the severity of the infection, many breeders and veteri-
nary practitioners still remain unaware of the importance
of diseases induced by oestrid flies.
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